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ABSTRACT

The efficacy of hypertonic saline/dextran (HSD)
for treating hemorrhage in the presence of dehydration
was evaluated in conscious swine. Following surgical
preparation, animals were euhydrated or dehydrated for
24 hr or 48 hr. Dehydration resulted in a reduction in
body weight and increased plasma osmolality and sodium
levels, but did not alter plasma volume. Animals were
bled 25 ml/kg/60 min and treated with HSD (4 ml/kg/1
min, 7.5% NaCl and 6% Dextran 70). HSD immediately
rectified the decreases in mean arterial pressure and
cardiac output incurred during hemorrhage. There were
parallel increases in plasma osmolality and sodium
concentrations which were offset by the initial
differences due to dehydration. All groups showed
equivalent decreases in hematocrit, hemoglobin and
protein. Given these results, we concluded that
dehydration does not compromise the efficacy of HSD as
a resuscitation treatment for hemorrhagic shock.
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Effect of Dehydration on Cardiovascular Responses and
Electrolytes Following Hypertonic Saline Dextran
Treatment for Moderate Hemorrhage. -- Wade et al.

INTRODUCTION

Hypertonic/oncotic solutions (HSD) have recently
been demonstrated to be efficacious in the treatment of
hemorrhagic hypotension (1-5). These solutions
increase vascular volume by mobilizing fluid from the
extravascular space, primarily the cellular compartment
(3,5). Because the expansion in blood volume is
accompanied by an increase in plasma sodium
concentration and osmolality (1-5), the advisability of
administering these solutions to dehydrated patients
could be questioned.

People are often dehydrated, either from
inadequate fluid ingestion or from fluid loss due to
sweating (6-9). Furthermore, people often voluntarily
dehydrate, decreasing their total body water by over
2.5% (6-9). Since dehydration causes a decrease in
extracellular (ECF) and intracellular (ICF) fluid
volumes, compensation to hemorrhage may be severely
limited in the presence of dehydration (10,11).
Treatment with HSD could be ineffective, because HSD
induces plasma volume expansion by drawing fluid from
the ECF and ICF compartments. In addition, since
dehydration causes an elevated plasma osmolality (Posm)
and sodium concentration (PNa), further increases in
Posm and PNa from HSD treatment could actually be
detrimental to dehydrated, hemorrhagic trauma victims.
We performed the present studies in conscious immature
swine to assess whether dehydration altered the
cardiovascu.ar and plasma electrolyte responses to
resuscitation of a moderate hemorrhage with HSD.

METHODS

Seventeen immature Yorkshire pigs were obtained
from a commercial breeder and housed in a common
laboratory facility for one to three weeks prior to
experimentation. During this period, and subsequently,
animals were fed a commercial chow and provided water
ad libitum. For three to five days prior to surgery,
the animals were transported daily to the laboratory
and familiarized with the surroundings, personnel and
handling procedures. The animals were trained to rest
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quietly in a modified Pavlov sling for 60 minutes.
Training continued one day post-operatively until the
beginning of the experiment.

Surgical Procedures

Seven days prior to the experiments, animals were
prepared surgically using aseptic procedures. Details
of these procedures are presented elsewhere (3,12,13).
Briefly, the animals were administered a preanesthetic
injection of 0.8 mg/kg atropine sulfate, 2.2 mg/kg
ketamine HC1l and 2.2 mg/kg xylazine. Halothane
anesthesia was induced by a snout mask and maintained
with an endotracheal tube. The animals were
splenectomized, and a carotid arterial catheter
implanted. A Swan Ganz catheter was positioned in the
pulmonary artery with placement confirmed by observing
the desired pressure wave form. All catheters were
exteriorized, secured to the skin, and covered with a
velcro patch. Each animal was given an intramuscular
injection of 40 mg gentamicin. Animals were observed
throughout the post-operative recovery period, then
returned to their holding cages and provided food and
water.

Experimental protocol

Following an overnight fast with free access to
water, the animal was weighed, transported to the
laboratory and placed in the sling. Catheters were
cleared of stagnant blood and saline, flushed and
connected to appropriate transducers to measure
arterial pressures and cardiac output. Following a 60
min period of quiet rest, hemodynamic measurements and
a blood sample were obtained. These procedures were
repeated after 10 min and the mean of these two values
represented the pre-dehydration values. Upon
completion of these control measurements, the catheters
were flushed with normal saline and again secured to
the skin. The animal was then placed in a metabolic
cage for the next 48 hours. Animals were randomly
assigned to one of three groups: Euhydrated (E):
provided free access to water over the 48 hr period
(n=5). Dehydrated 24 hours (D24): water provided the
first 24 hours and removed the next 24 hours (n=6).
Dehydrated 48 hours (D48); water removed for the full
48 hour period (n=6). Food was provided ad libitum
until the final 12 hours.
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Following the 12 hour fast, the animal was again
placed in the sling and the catheters cleared, flushed,
and connected for hemodynamic measurements and
withdrawal of blood samples. After a 30 min control
period, measurements were taken for the post
dehydration sample. The animals were hemorrhaged 25
ml/kg over 60 min via the arterial catheter.
Immediately upon completion of the hemorrhage, another
blood sample was taken and the animal rapidly (over 1
min) treated with 4 ml/kg of hypertonic saline/dextran
(HSD) (7.5% NaCl and 6% Dextran® 70, Pharmacia,
Uppsala, Sweden, LOT #54845). Hemodynamic measurements
and blood samples were taken at 5, 15, 30, 60, 120 and
180 min post administration of the HSD. Data are only
presented through the first 60 min after resuscitation
(see statistical analysis).

Blood Analysis

Hemoglobin concentration was measured with an
Instrumentation Laboratory cooximeter, Model 282.
Following centrifugation plasma sodium and potassium
concentrations (Cobas autoanalyzer), osmolality
(Advanced Instruments, Model 3D II) and total protein
content (American optical refractometer) were measured.
Hematocrit was determined in duplicate by the
microcapillary method. Blood lactate and glucose
levels were measured using a Cobas autoanalyzer and
Sigma system test kits.

Hemodynamic Measurements

Mean arterial pressure was calculated from
measurements of systolic and diastolic pressures.
Heart rate was measured from the blood pressure
tracings. Cardiac output was measured by the
thermodilution technique. The injection was 5 ml of
normal saline at room temperature. Successive
measurements of cardiac output were made until two
consecutive recordings differed by no more than 0.2
L/min.

Statistical Analysis

Covariant analysis of variance with adjustments
for repeated measures was used to determine differences
due to hydration status and over time (in response to
both hemorrhage and HSD treatment). The value at the
end of hemorrhage served as the covariant to compare
the effects of resuscitation with HSD. Differences
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between individual means were tested by the
Newman-Keuls procedure when appropriate. Changes were
considered significant when p<0.05. As animals were
lost to follow-up due to deaths, the statistical
analyses were confined to the first 60 min following
treatment. Values in the text are means + SEM.

RESULTS
Survival

Of the euhydrated animals, 100% survived until
completion of the experiment (180 min post treatment).
Within three hours of treatment, two (33%) of the
animals dehydrated for 24 hours had died as had three
(50%) of those dehydrated for 48 hours. In preliminary
experiments without treatment, dehydrated animals (n=4)
died following hemorrhage while all euhydrated animals
(n=3) survived.

Dehydration Effects

Dehydration resulted in a statistically
significant decrease in body weight which was greater
in animals dehydrated for 48 hours than in animals
dehydrated for 24 hours (Table I). Changes in body
weights over the pre-experimental period were +0.9+0.5
(+5%), -1.0+0.3 (-4%) and -1.7+0.1 kg (-8%) for animals
euhydrated (E), dehydrated 24 hr (D24), and dehydrated
48 hr (D48), respectively. Heart rate, mean arterial
pressure, cardiac output and pulmonary artery pressure
were not significantly altered by dehydration (Table
I). Dehydration increased plasma sodium concentration,
osmolality and total protein levels with greater
changes with D48 than D24 (Table I). Plasma potassium
levels of all three groups increased over time, but no
effect of dehydration was noted. Hematocrit decreased
over the observation period irrespective of fluid
status with no difference between groups, while
hemoglobin concentrations were unchanged. Blood
glucose and lactate concentrations were not changed due
to dehydration.

Hemorrhage Effects

Hemorrhage decreased mean arterial and cardiac
output, while heart rate was not altered (Fig. 1).
There was no effect of prior dehydration on the
cardiovascular responses to hemorrhage. Hemorrhage
significantly reduced hematocrit, hemoglobin and plasma
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total protein levels, to the same extent in all three
groups (Fig. 2). Plasma sodium and potassium
concentrations were not changed during hemorrhage nor
was plasma osmolality (Fig. 3). Blood glucose was
increased during hemorrhage, with a greater increase in
dehydrated animal (Fig. 4). Lactate concentrations
were increased following hemorrhage, with a trend for
greater increases in dehydrated animals (Fig. 4).

Resuscitation Effects

Administration of HSD produced a rapid rise in
mean arterial pressure in all groups within the first 5
min (Fig. 1). This improvement, however, was sustained
only in euhydrated animals (Fig. 1). In dehydrated
animals, mean arterial pressure increased transiently
after the injection of HSD, but then fell to values
which were not different from values at the end of
hemorrhage. Cardiac output was increased in all groups
following the administration of HSD with no differences
noted between groups (Fig. 1). Over time, cardiac
output values regressed, but were still greater than
the values at the end of hemorrhage. Injection of HSD
reduced hematocrit, hemoglobin and plasma total protein
levels to a similar degree in all groups (Fig. 2).
After the initial decrease occurring immediately after
treatment, there were no further changes.

Treatment with HSD increased plasma sodium by
9.1+42.7, 10.2+1.9 and 8.8+2.5 mEg/1l and osmolality by
22+5, 17+5 and 26+3 mOsm/kg in E, D24 and D48
respectively (Fig. 3). Differences between the groups
reflected initial differences due to dehydration. Over
60 min post treatment, plasma sodium concentration and
osmolality decreased, but remained higher than levels
at the end of hemorrhage. Plasma potassium
concentration was reduced immediately after treatment
with HSD in all groups, but subsequently increased
(Fig. 3). After 60 min, however, the plasma potassium
levels were still low compared to those measured at the
end of hemorrhage.

Immediately following treatment, blood glucose
concentrations were not altered, but 60 min after
treatment they decreased to values that still exceeded
those recorded during the pre-hemorrhage control period
(Fig. 4). 1Increases in blood glucose incurred during
hemorrhage were sustained through the post-treatment
period with between-group differences persisting.

Blood lactate concentrations increased in all groups
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upon administration of HSD, and decreased over the
subsequent 60 min.

DISCUSSION

Dehydration is characterized by a decrease in
total body water and blood volume, accompanied by an
increase in plasma electrolyte concentrations (6-9).
These changes could compromise compensations to
hemorrhage (10,11) and the benefits of subsequent
treatment and resuscitation. 1In the present study,
decreases in body weight of 4 and 8% after 24 and 48
hours of fluid deprivation indicate significant
reductions in total body water. In humans decreases in
total body water of this magnitude result in a reduced
blood volume (6,9). However, indices of a blood volume
change do not support a similar effect on vascular
fluid volume in pigs. 1In contrast to the effects of
dehydration observed in human plasma total protein
concentration, hemoglobin levels and hematocrit were
not changed significantly following dehydration, thus
indicating a maintenance of the vascular volume in the
pig. A similar maintenance of plasma volume during
dehydration has been noted in baboons (14). Increases
in the concentration of plasma sodium and osmolality
were observed in dehydrated pigs. The increase in
plasma osmolality in the absence of a decrease in blood
volume suggests the water losses over the course of the
dehydration came from fluid compartments other than the
vascular space.

The decrease in extravascular water during
dehydration could affect the compensatory
transcapillary flux during hemorrhage and the
mobilization of fluid into the vascular space after
administration of HSD (3-5,11,15-17). Barrientos et
al. (11) reported that the transcapillary reflux
following hemorrhage was severely impaired in pigs by
prior dehydration and resulted in an increase in
mortality. At the end of hemorrhage in the present
study, there was no difference between hydration groups
in hemoglobin concentrations, plasma total protein
levels or hematocrit, thereby indicating a similar
degree of transcapillary fluid flux. The lack of
difference in blood volume at the end of hemorrhage may
be due in part to the greater increase in glucose
levels in dehydrated animals. An increase in glucose
concentration during hemorrhage is postulated to
facilitate the movement of water from cells into the
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extracellular space (18,19). Therefore, the movement
of fluid into the vascular space during hemorrhage
appears to be independent of hydration status.

Administering HSD produces a rapid expansion of
blood volume by drawing fluid from the extravascular
space up an osmotic-oncotic concentration gradient (3-
5,16,17). Dehydration could reduce the availability of
fluid for mobilization from extravascular compartments.
Following HSD injection, the expansion of blood volume,
as indicated by changes in hematocrit, hemoglobin and
total plasma protein levels, was independent of
hydration status and sustained over the one hour
following treatment. Thus, the decrease in
extravascular fluid due to dehydration did not affect
the expansion of blood volume induced by HSD treatment.

Following dehydration, there was a significant
difference in plasma sodium concentration and
osmolality among groups. These differences among
groups persisted throughout the experiment.
Administration of HSD produced further increases in
plasma sodium levels and osmolality. These increases
facilitate the movement of fluid into the vascular
space (16). In dehydrated animals, the extracellular
space, specifically the interstitial compartment, was
reduced as indicated by the increase in plasma sodium
and osmolality. The injection of HSD into a smaller
volume of distribution should have resulted in a
greater increases in osmolality and sodium in
dehydrated animals, however the increases were similar
in all groups. This finding suggests that movement of
water from the cellular compartment in response to HSD
administration was similar and independent of hydration
status. Thus the degree of cellular dehydration
following HSD is greater in the animals deprived of
fluid.

Hemodynamic function was not altered by fluid
deprivation, and the response to hemorrhage was similar
in all groups. The administration of HSD improved
hemodynamic function as has been reported by us and
others in a variety of species (3-5). Furthermore, in
the present study, immediate improvements in
hemodynamic functions were independent of hydration
status. In dehydrated animals, the improvement in mean
arterial pressure was not sustained beyond 30 min. The
failure to sustain the HSD-induced increase in mean
arterial pressure in dehydrated pigs was similar to
that previously reported for pigs treated following
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severe hemorrhage (3). In contrast, the improvement in
blood pressure did persist in euhydrated animals,
similar to the response noted in other species
following treatment with HSD (4,5,16). The maintenance
of blood pressure following HSD administration thus
appears to be affected by hydration status reflecting
that a given volume of hemorrhage is a relatively more
severe event in dehydrated as compared to euhydrated
animals.

Pulmonary artery pressure (PAP) decreased during
hemorrhage, an effect reversed by HSD. Similar
responses have been reported by Kramer et al. (5). The
increase in pulmonary artery pressure may reflect HSD
induced changes in blood volume (5) as well as a direct
effect on myocardial function (20). Of particular
importance, the present study showed that hydration
state had no effect on the improvement in PAP following
HSD administration.

Cardiac output increased immediately after the
administration of HSD but fell over time. The initial
increase in cardiac output is suggested to be 2
function of the expansion of blood volume induced by
administering HSD (5,16,17). However, the decrease in
cardiac output following treatment was independent of
blood volume, which remained constant. It has been
suggested that other factors are contributing to the
immediate increase in cardiac output and are not
sustained over time (3,20). Kien and coworkers (20)
demonstrated a direct effect of hyperosmotic saline in
improving cardiac contractility which may play an
important role in restoring cardiovascular function.
The present study suggests that the response of cardiac
output to HSD administration is associated with an
expansion of blood volume, as well as an increase in
plasma osmolality, irrespective of hydration status.
Collectively, these changes enhance survival (3-5).

In summary, the present study shows that the
administration of HSD to dehydrated pigs to treat
hemorrhage is initially as effective as it is in
euhydrated pigs. Hemodynamic function was improved
following treatment with HSD irrespective of hydration
status. However, the increases were not sustained in
dehydrated animals. The increase in plasma osmolality
and sodium concentration resulting from treatment with
HSD were also similar in all groups, thus the final
levels reflected the initial state of hydration.
Improvements in cardiovascular function and blood
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volume do not, however, assure survival. We observed a
decrease in survival of dehydrated animals even though
improvements in plasma volume and hemodynamic function
occurred with HSD. This observation confirms earlier
work (10,11) that hydration state at the time of
hemorrhage is critical to subsequent survival even with
adequate resuscitation of cardiovascular function. We
concluded that dehydration does not compromise the
efficacy of HSD as a resuscitation treatment for
hemorrhagic hypotension.




10 -- Wade et al.

REFERENCES

Holcroft JW, Vassar MJ, Perry CA, Gannaway WL,
Kramer GC. Use of a 7.5% NaCl/6% Dextran 70
solution in the resuscitation of injured patients
in the emergency room. Perspect Shock Res
1989;331-338.

Maningas PA, Mattox KL, Pepe PE, Jones RL,
Feliciano DV, Burch JM. Hypertonic saline-dextran
solutions for the prehospital management of
traumatic hypotension: A preliminary report. Am J
Surg 1988;157:528-533.

Wade CE, Hannon JP, Bossone CA et al.
Resuscitation of conscious pigs following
hemorrhage: Comparative efficacy of small-volume
resuscitation with normal saline, 7.5% NaCl, 6%
Dextran-70, and 7.5% NaCl in 6% Dextran 70. Circ
Shock 1989 (In Press).

Velasco IT, Rocha e Silva M, Oliveira MA, Oliveira
MA, Silva RIN. Hypertonic and hyperoncotic
resuscitation from severe hemorrhagic shock in
dogs: A comparative study. Crit Care Med
1989;17(3):261-264.

Kramer GC, Perron PR, Lindsey C, Ho HS, Gunther
RA, Boyle WA, Holcroft JW. Small-volume
resuscitation with hypertonic saline dextran
solution. Surg 1986;100(2):239-246.

Adolph EF and Associates. Physiology of man in
the desert. New York: Interscience, 1947.

Gleen G, Keil LC, Kravik SE, et al. Inhibition of
plasma vasopression after drinking in dehydrated
humans. Am J Physiol 1984;247:R968-R971.

Greenleaf JE, Sargent F, II. Voluntary dehdration
in man. J Appl Physiol 1965;20(4):719-724.

Pandolf KB, Swaka MN, Gonzalez RR. Human
performance physiology and enviormental medicine
at terrestrial extremes. Indianapolis: Benchmark
Press, Inc., 1988.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Wade et al. -- 11

Wang SC, Overman RR, Fertig JW et al. The
relation of mortality rate in hemorrhagic and
traumatic shock in dogs. Am J Physiol
1947;148:164-173.

Barrientos T, Hillman N, Peoples JB. The effects
of dehydration on the dynamics of transcapillary
refill. Am J Surg 1982;48:412-416.

Traverso LW, Moore CC, Tillman TJ. A clinically
applicable exsanguination shock model in swine.
Circ Shock 1984;12:1-7.

Hannon JP, Bossone CA, Rodkey WG. Splenic red
cell sequestration and blood volume measurements
in conscious swine. Am J Physiol 1985;248:R293-
R301.

Zurovsky Y, Shkolnik A, Ovadia M. Conservation of
blood plasma fluids in hamadryas baboons after
thermal dehdration. J Appl Physiol
1984;57(3):768-771.

Carlson DE, DeMaria EJ, Campbell RW, Dann DS.
Behavioral and hormonal influence on blood volume
restitution after hemorrhage in swine. Am J
Physiol 1981;256:R207-R216.

Smith GJ, Kramer GC, Perron P, Nakayama SI,
Gunther RA, Holocroft JW. A comparison of several
hypertonic solutions for resuscitation of bled
sheep. J Surg Res 1985;39:517-528.

Nakayama SA, Kramer GC, Carlsen RC, Holcroft JWw.
Infusion of very hypertonic saline to bled rats:
Membrane potentials and fluid shifts. J Surg Res
1885;38:180~-186.

Gann DS, Carlson DE, Byrnes GJ, Pirkle JC, Allen-
Rowlands CF. Role of solute in the early
restitution of blood volume after hemorrhage.
Surg 1983;94(3) :439-446.

Pirkle JC, Gann DS. Restitution of blood volume
after hemorrhage: Role of the adrenal cortex. Am
J Physiol 1976;230:1683-1687.

Kein ND, Kramer GC, White DA. Direct cardiac
effect of hypertonic saline in anesthetized dogs.
Anesth Analg 1989;68:5147,




12 -- Wade et al.

Table I

Changes in response to alteration of hydration status.

Body Weight
(kg)

Heart Rate
(b/min)

Mean Arterial
Pressure
(mmHg)

Cardiac Output
(1/min)

Pulmonary
Artery Pressure
(mmHg)

Plasma
Osmolality

(mOsm/Kkg)
Plasma Sodium

(mEq/1)

Plasma Potassium

(mEq/1)

Blood Glucose

Blood Lactate
(kg)

Hematocrit

(%)

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

D24
D48

Predehydration

19.1+0.93
23.0+0.79
20.4+2.16

133+4.5
158+11.0
136+9.0

11545.8
114+5.5
112+6.36

4.4+0.51
4.5+0.32
4.5+0.36

287+4.0
293+3.5
287+1.7

145.3+1.60
143.341.95
143.0+£0.77

4.1+40.21
4.340.16
4.4+0.30

96+3.9
104+8.9
116+4.9

18.3+9.57
10.8+2.86
16.3+4.86

30.8+1.53
28.8+0.88
31.4+0.74

Dehydration

20.0+1.43
22.0+0.74%*
18.7+2.12%

123+2.9
155+8.3
138+6.6

114+4.3
108+6.3
104+4.9

4.7+0.50
4.5+0.42
5.1+0.47

-4+6.4
-1+7.0
-8+11.0

284+1.6
304+5.8%
320+6.6%

143.8+1.27
150.8+3.23*
155.5+5.96%*

4.7+0.17
4.9+0.10
4.5+0.18

97+2.8
106+22.5
99+4.9

10.5+2.77
18.7+7.43
17.9+6.04

28.8+2.40
26.0+1.51
30.0+1.38
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Table I (con't)

-= 13

Changes in response to alteration of hydration status.

Predehydration

Dehydration
Hemoglobin E 9.1+0.58 7.6+0.48
D24 9.5+0.06 8.3+0.42
D48 9.1+0.41 10.5+0.24
Total Protein E 5.8+0.27 5.7+0.28
(mg/dl) D24 6.1+0.28 6.3+0.41
D48 5.6+0.11 6.0+0.16

* Significantly different from pre hydration
values, P<0.05.
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Figure Legends
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Figure 1: Hemodynamic responses to hemorrhage and
subsequent resuscitation with HSD in pigs in
varying states of hydration. E ~ euhydrated:
D24 - dehydrated for 24 hrs; D48 -
dehydration for 48 hrs.
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Figure 2: Responses of hematocrit, hemoglobin, and
total protein to hemorrhage and subsequent
resuscitation with HSD in pigs in various
states of hydration. (See Figure 1 legend)
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Figure 3: Plasma osmolality and electrolyte

concentrations in response to hemorrhage and
subsequent resuscitation with HSD in pigs in
varying states of hydration.

legend).

(See Figure 1
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Figure 4: Blood glucose and lactate levels following
hemorrhage and resuscitation with HSD in pigs
in varying states of hydration. (See Figure
1 legend)
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